We present photometric and kinematic information obtained by measuring 197 planetary nebulae (PNs) discovered in the flattened Fornax elliptical galaxy NGC 1344 (also known as NGC 1340) with an on-band, off-band, grism + onband filter technique. We build the PN luminosity function (PNLF) and use it to derive a distance modulus m − M = 31.4 ± 0.18, slightly smaller than, but in good agreement with, the surface brightness fluctuation distance. The PNLF also provides an estimate of the specific PN formation rate: (6 ± 3) × 10
Introduction
The currently favored hierarchical theories of galaxy formation predict that galaxies should be surrounded by dark matter halos. In particular elliptical galaxies are expected to form through merging events, and their angular momenta are expected to reside mostly in the outer halos. From the observational point of view, the existence of dark matter around some very bright elliptical galaxies is inferred from studies of hot, X-ray emitting gas (e.g., Loewenstein & White 1999) and from dynamical analyses of integrated absorption-line spectra (e.g., Gerhard et al. 2001) . At the faint end, the kinematics of individual stars in the nearby Draco dwarf spheroidal offer evidence of a dark matter halo (Kleyna et al. 2002) . For intermediate, "ordinary" ellipticals, the evidence is much more difficult to obtain, because they lack the hot gas and they are too distant to extract information from individual stars.
Planetary nebulae (PNs) in such elliptical galaxies offer a good alternative for dark matter studies because they are preferentially detected in the outskirts of their galaxies. A study of PNs in NGC 5128 produced some evidence of a dark matter halo (Hui et al. 1995) . Everything seemed to be clear. However, more recent studies of PNs in other elliptical galaxies have raised some doubts on the ubiquity of dark matter halos in ellipticals: Méndez et al. (2001) and Romanowsky et al. (2003) could not find evidence of dark matter around 4 normal ellipticals: NGC 4697, 3379, 4494 and 821.
It is possible to argue that at least in some of these cases we may be witnessing the effect of some kind of anisotropy in the velocity distribution, for example the preponderance of radial orbits. This idea has been tested by Romanowsky et al. (2003) using an "orbit library method", which fails again to find evidence of any cloak or shroud of dark matter around the visible mass in the case of NGC 3379. On the other hand, Milgrom & Sanders (2003) claim that the new findings confirm the predictions of Milgrom's Modified Newtonian Dynamics (MOND) in the sense that high surface density galaxies are predicted to develop a "mass discrepancy" only at larger scaled radii.
In view of this interesting situation, we need more empirical information. This paper reports on the discovery and photometric and radial velocity measurements of PNs in the flattened Fornax elliptical galaxy NGC 1344 (also known as NGC 1340). Of intermediate mass and luminosity, this galaxy, a member of the Fornax cluster, is characterized by the presence of internal and external concentric shells (surface brightness enhancements partially encircling the galaxy) first described by Malin & Carter (1980) .
We have also secured some long-slit spectrograms across NGC 1344 to improve the kinematic information close to the galaxy's center, where the surface brightness is higher and the PNs are more difficult to find. In § 2 we describe long-slit spectrograms taken with the Siding Spring 2.3 m telescope, and with the European Southern Observatory (ESO) Very Large Telescope (VLT), and the resulting information. Then in § § 3 and 4 we briefly review the slitless radial velocity method, and we describe the VLT observations of PNs in NGC 1344 and the reduction procedures. Section 5 deals specifically with the PN detection and photometry. In § 6 we build the PN luminosity function and derive the PNLF distance to NGC 1344 and the specific PN formation rate. In § 7 we describe the radial velocity results, which we analyze in § 8. Section 9 gives a summary of the conclusions.
Long-slit spectrograms of NGC 1344
The major axis of NGC 1344 lies at a position angle of about 167 degrees (from north through east). Long-slit spectroscopy along the major axis of NGC 1344 was obtained in October 2001 at the Siding Spring 2.3 m telescope, using the red arm of the Double Beam Spectrograph (Rodgers et al. 1988 ) in longslit (6 ′ .7) mode with 1200 R Grating (35.2Å mm −1 ), no beamsplitter, slit width of 4 ′′ and the Site 1752 × 532, 15-µm pixels CCD. Astigmatism along the spatial direction reduced the effective spatial resolution to ≈ 5 ′′ . The wavelength range λ = 8093 − 9014Å was covered, including the Ca Triplet region used for the kinematics. The integration time was 93 minutes. Several stars were observed, trailed along the slit, in order to use them as kinematic templates. The data reduction followed Saglia et al. (2002) ; see below.
Long-slit spectroscopy along the minor axis and parallel to the major axis (shifted by 16.5 arcsec to the northeast) of NGC 1344 was performed in service mode using the Focal Reducer/Spectrograph FORS2 at the Cassegrain focus of Unit Telescope 2, Kueyen, of the Very Large Telescope, Cerro Paranal, Chile, as part of Program ESO 68.B-0173A. The spectra were acquired on the 7th and 8th of January 2002 with 0 ′′ .9 seeing and good conditions. The grism 1400V+18 was used with a 1 ′′ -wide long slit. The 2080×2048, 24 µm pixel Tektronix CCD has a 0 ′′ .2 pix −1 scale along the spatial direction and 0.5Å pix
along the dispersion direction, covering the wavelength range λ = 4770 − 5700Å with a spectral resolution of 2.5Å or σ instr = 63 km s −1 (see FORS Manual, Version 2.0). The integration times were 1700 s along the major axis (P.A.=167
• ) and 1800 s along the minor axis (P.A.=13
• ) of NGC 1344. Template stars were also observed.
The data reduction was perfomed under MIDAS and followed the usual steps. After bias subtraction and flatfielding with dome flats, cosmic rays were eliminated using median filtering. The wavelength calibration was based on HeArHgCd lamps and gave 0.5Å rms. After rebinning on a natural logarithmic wavelength scale, the sky measured at the ends of the slit was subtracted, and the galaxy spectra were rebinned along the spatial direction to obtain a signal-to-noise ratio nearly constant with radius. The kinematics were determined with the Fourier Correlation Quotient method, as in Bender et al. (1994) and Mehlert et al. (2000) .
Statistical and systematic errors were estimated following Mehlert et al. (2000) . Briefly, template stars were broadened to the observed values of σ, h 3 , and h 4 , and noise was added to match the power spectrum noise to the peak ratio at the appropriate place. The generated spectra were analysed in the same way as the observed data, producing mean and rms values of V , σ, h 3 , and h 4 . The mean values reproduced the input (observed) values within the rms. These are the errors assigned to the data. For the VLT data, the statistical errors derived from Monte Carlo simulations are minute and much smaller than the rms scatter observed between the two sides of the galaxy. This can be used to set the residual systematic errors affecting the data, which amount to ≈ 6 km s −1 on V , ≈ 8 km s −1 on σ, and ≈ 0.03 in h 3 and h 4 . A residual mean systematic difference between the antisymmetrized differences of the h 3 values between the two sides of the galaxy of ≈ 0.03 points to some residual template mismatching.
Figures 1, 2, and 3 show the derived profiles. Tables 1, 2, and 3 give the data in tabular form. The parameters h 3 and h 4 are the amplitudes of the third-and fourth-order Gauss-Hermite functions used to describe the line-of-sight velocity distribution.
Along the minor axis, we detect a decoupled core, with the mean velocity changing sign in the inner 2 ′′ . Along the major axis (or parallel to it), the h 3 parameter anticorrelates with the mean velocity V , following the known local relation between h 3 − V /σ observed in early-type galaxies (see Bender et al. 1994) . Along the minor axis, h 3 ≈ 0 as expected in the absence of rotation. All h 4 profiles are mostly slighly negative, with the exception of the inner 7 arcsec along the minor axis, in correspondence to the decoupled core. Such negative h 4 profiles are not observed very often in early-type galaxies, and suggest an interesting orbital structure to be investigated with proper modeling in the future (see, for example, Thomas et al. 2005) .
On PN detection and slitless radial velocities
For the detection of PNs belonging to NGC 1344, we used the classical on-band, off-band method. The method is based on blinking two images: an on-band image taken through a narrow-band filter passing the redshifted [O iii] λ5007 nebular emission line, and an off-band image taken through a broader filter passing no strong nebular emissions. The PNs, which are point sources, are visible in the on-band image but must be absent in the off-band image, which should be exposed a bit deeper for unambiguous detections.
Taking a third image through the on-band filter and a grism helps with the identification of the PN candidates. As a consequence of inserting the grism into the light path, the images of all continuum sources are transformed into segments of width determined by the on-band filter transmission curve, while the PNs and any other emission-line point sources remain point sources. But in addition, and most important, the grism introduces a shift relative to the undispersed on-band image. The shift is a function of the wavelength of the nebular emission line and of position on the CCD. Once we measure and calibrate the shift, we can calculate the emission-line wavelength for all detected sources, and finally we obtain their radial velocities irrespective of the number of sources and their distribution in the field. This method has already been used to discover and measure the radial velocities of 535 PNs in the elliptical galaxy NGC 4697 (Méndez et al. 2001; hereafter Paper I) . Please refer to Paper I for a detailed description of the calibration procedures.
PN search: VLT observations and reductions
Since the major axis of NGC 1344 is close to the north-south direction, we decided to expose two partly overlapping fields, north and south, both containing the center of the galaxy. For simplicity, we call the two fields N and S. Table 4 shows the CCD images used for data reduction analysis. They can be grouped as follows:
1. Off-band, on-band, and (grism + on-band) images of the NGC 1344 N field.
2. Off-band, on-band, and (grism + on-band) images of the NGC 1344 S field.
3. On-band and (grism + on-band) multislit images and comparison lamp spectra through 10 different vertical arrangements of the 19 FORS slitlets for the wavelength calibration.
4. On-band and (grism + on-band) multislit images and spectra of the Galactic PN NGC 7293 (PN G036.1-57.1) in six different positions across the CCD for complementary calibration purposes described in Paper I. These observations were done through another on-band filter with an effective central wavelength of 4992Å and FWHM=60Å.
5. On-band (5030Å) images of the spectrophotometric standard LTT 9491 (Oke 1990) for the photometric calibration.
The three allocated half-nights were dark and of photometric quality, with seeing around 0 ′′ .6, 1
′′
.1, and 0
.8 on the first, second, and last night, respectively.
The basic CCD reductions (bias subtraction, flat-field correction using twilight flats) were made using IRAF 6 standard tasks. Image combinations, required to eliminate cosmic ray events and enable detection of faint PNs, were made in the following way: First, for each field, N and S, one pair of (undispersed, dispersed) on-band individual images of the best possible quality, and taken consecutively at the telescope, was adopted as reference images. For the S field, the reference images were 22T06:41 (on-band) and 22T07:08 (grism+on-band) (see Table 4 ). For the N field, the reference images were 24T08:00 (on-band) and 24T08:27 (grism+on-band). All the other available images, including the off-band ones, were registered upon the corresponding reference image. In this way, any possible displacements produced by guiding problems or deformations in the spectrograph were reduced to a minimum. The registration was done with IRAF tasks "geomap" and "gregister". The registration of the undispersed S field was very good; using 113 stars, the residuals were not larger than 0.1 pixel. For the registration of the undispersed N field, 114 stars were used, but the residuals were up to 0.2 pixel because some of the N images were more affected by poor seeing.
Registration of the dispersed images was more difficult. From previous experience in Paper I we know that it is better to register using the brightest PN images, avoiding any temperature-dependent shifts in the positions of the spectral segments produced by normal stars. For that reason, we registered the N field using the 28 brightest PNs (visible in the individual grism+on-band images). For the S field, the corresponding number was 25 PNs. The resulting residuals in both cases were smaller than 0.3 pixel. Since an error of 0.3 pixel in the distance between undispersed and dispersed images would produce an error of 20 km s −1 in radial velocity for the grism dispersion of 50Å mm −1 , we can estimate that a typical internal error in an individual measurement is not larger than 20 km s −1 . Having obtained a satisfactory registration, we produced the combined on-band, off-band and dispersed images for the N and S fields using the IRAF task "imcombine".
For easier PN detection and photometry in the central parts of NGC 1344, where the background varies strongly across the field, we produced images showing the differences between undispersed on-band and off-band combined frames. In ideal conditions, this image subtraction should produce a flat noise frame with the emission-line sources as the only visible features. A critical requirement to achieve the desired result is perfect matching of the PSFs of the two frames to be subtracted. For this purpose, we applied a method for "optimal image subtraction" developed by Alard & Lupton (1998) and implemented in Munich by Gössl & Riffeser (2002) This procedure cannot be used for the combined dispersed images because there is no off-band counterpart. Therefore, to flatten the background and reduce the contamination of the fields by the stellar spectra, we applied the IRAF task "fmedian" to the combined N and S dispersed images, with a box of 17×17 pixels. The resulting medianed images were subtracted from the unmedianed ones. Figures 6 and 7 show the result for the corresponding fields shown in Figures 4 and 5.
PN detection and photometry
The PN detection requires the identification of the candidates in both the undispersed and dispersed images. In addition, the object has to be a point source and must be undetectable in the off-band image. This is required to minimize the confusion with emission-line sources in background galaxies. The PN candidates were found by blinking the on-band versus the off-band difference images and confirmed by blinking on-band versus dispersed. The (x, y) pixel coordinates of all the candidates in the undispersed and dispersed images were measured with the IRAF task "phot" with the centering algorithm "centroid". We found a total of 197 PN candidates, which are listed in Table 5 . In §7 we will describe the procedure for radial velocity determinations; here we present the on-band photometry.
We express the λ5007 fluxes in magnitudes m(5007) using the definition introduced by Jacoby (1989) , m(5007) = −2.5 log I(5007) − 13.74
(1)
For the flux calibration, we adopted the standard star LTT 9491 (Oke 1990) . This star has a monochromatic flux at 5030Å of 1.033 × 10 −14 ergs cm −2 s −1Å−1 . The flux measured through the on-band filter in units of ergs cm −2 s −1 can be calculated knowing the equivalent width of the on-band filter; using equation (1), we find m(5007)=17.01 for LTT 9491.
Since most PNs were measurable only on the differences of combined images (on−off), to calculate the m(5007) of the PNs we had to proceed through several steps. First, we made aperture photometry of LTT 9491 using the IRAF task "phot". The FWHM of LTT 9491 was between 3 and 4.5 pixels. We adopted an aperture radius of 16 pixels; the sky annulus had an inner radius of 21 pixels and a width of 5 pixels. The same parameters were used to make aperture photometry of several moderately bright stars in the reference images corresponding to both fields (24T08:00 for the north field and 22T06:41 for the south field). Seven and six stars were selected in the N and S fields, respectively. Three of these stars were common to both fields. These three "internal standards" are between 2 and 3 mag fainter than LTT 9491, and they are distant from the center of NGC 1344, so that background problems are avoided.
Having tied the spectrophotometric standard to the internal frame standards, we switched to strictly differential photometry. We made aperture photometry of the "internal standards" on the N and S on-band combined images; the sky annulus had an inner radius of 11 pixels and a width of 9 pixels. On the same on-band combined images, we subsequently made PSFfitting daophot photometry (Stetson 1987 ; IRAF tasks "phot", "psf" and "allstar") of the "internal standards" and four bright PNs. From the aperture photometry and PSF-fitting photometry of the "internal standards", we determined the aperture correction. As a last step, we made PSF-fitting photometry of all PN candidates on the difference images (onband minus off-band), where, of course, no stars remain. The four bright PNs were used to tie this photometry to that of the standards. We estimate internal errors in the photometry of the difference images below 3%.
To obtain physical fluxes, we needed the on-band filter peak transmission (see, e.g., Jacoby et al. 1987) . For this purpose we used the method described in Paper I. No correction to the photometry as a function of redshift was necessary; given the observed velocities, to be reported later, none of our objects is shifted away from the flat peak of the on-band filter transmission curve. A good way of testing the reliability of the photometry is to plot the S on-band magnitudes m(5007) as a function of the N on-band magnitudes for the 132 objects measured in both fields. From the dispersion in Figure 8 , we estimate rms errors of 0.16 and 0.24 mag for m(5007) brighter and fainter than 27.5, respectively. For each of these 132 PNs, we have adopted the average of the two m(5007) measurements.
The PNLF, distance, and PN formation rate
Once the apparent magnitudes m(5007) were measured, the PN luminosity function (PNLF) was built. We followed the same procedure described in Paper I. Only those PNs brighter than m(5007) = 28 were used to build the PNLF. The zone of exclusion at the center of NGC 1344, which we introduce to eliminate regions of very high surface brightness, where PN detection is more difficult, is an ellipse with (minor, major) semiaxes of (250, 350) pixels (the image scale is 0 ′′ .2 pix −1 ). After eliminating the PNs within the exclusion ellipse and those that are too faint, we were left with 91 PNs. The statistically complete PNLF is plotted in Figure 9 . The absolute magnitudes M(5007) were derived using an extinction correction of 0.066 mag (from data listed in NED, the NASA/IPAC Extragalactic Database; see Schlegel et al. 1998 ) and adopting a distance modulus m − M = 31.38, which produces the best fit. The observed PNLF was fitted with simulated PNLFs like the one used by Méndez & Soffner (1997) to fit the observed PNLF of M 31. The simulated PNLFs plotted in Figure 9 are binned, like the observed one, into 0.2 mag intervals and have a maximum final mass of 0.63 M ⊙ , µ max = 1, and sample sizes between 1500 and 4000 PNs (see Méndez & Soffner 1997 ; the "sample size" is defined as the total number of PNs, detected or not, that exist in the surveyed area). The observed PNLF in Figure 9 presents an evident change of slope, thus making possible an unambiguous determination of distance and sample size. From the goodness of the fit at different distance moduli, we derived an internal error of 0.1 mag in distance modulus. For the total error estimate, we have to add possible systematic and random errors. The possible systematic error is the same as in Jacoby et al. (1990) , i.e., 0.13 mag, including the possible error in the distance to M 31, in the modeling of the PNLF and in the foreground extinction. The random contributions in our case are 0.1 mag from the fit to the PNLF, as mentioned above, 0.05 mag from the photometric zero point, and 0.05 mag from the filter calibration. Combining all these errors quadratically, we estimate that the total error bar for the distance modulus must be ±0.18 mag. Our distance modulus 31.38 is equivalent to 18.9 Mpc. Our PNLF distance modulus for NGC 1344 is a bit larger than, but in reasonable agreement with, the PNLF distance moduli of the Fornax galaxies NGC 1316 NGC , 1399 NGC and 1404 see McMillan et al. 1993 ).
We find good agreement, within the uncertainties, with the SBF distance modulus 31.48 ± 0.3 reported by Tonry et al. (2001) for NGC 1344. Note, however, that the PNLF distance is slightly shorter than the SBF distance. This small, still unexplained, discrepancy happens in many other cases; see Méndez (1999) and Ciardullo et al. (2002) .
Knowing the sample size, we can estimate the specific PN formation rateξ in units of PNs yr
where n PN is the sample size, L T is the total bolometric luminosity of the sampled population expressed in L ⊙ , and t PN is the lifetime of a PN, for which we have adopted 30,000 yr in the PNLF simulations. We have B T = 11.27, B − V = 0.87 (de Vaucouleurs et al. 1991) , A B = 0.08 (again from the NASA/IPAC Extragalactic Database), and a bolometric correction of −0.78 mag from which we obtain an extinction-corrected apparent bolometric magnitude 9.54. Using a distance modulus of 31.38 and a solar M bol = 4.72, we calculate the total luminosity of NGC 1344, 4.2 × 10 10 L ⊙ . The central ellipse, which we excluded, contributes 70% of the total luminosity, so the sampled luminosity is L T = 1.3 × 10 10 L ⊙ . Adopting n PN = 2300 from Figure 9 , we obtainξ = (6 ± 3) × 10 −12 . This is the same PN formation rate obtained for NGC 4697 in Paper I.
Radial velocities: results and discussion
From now on, we will refer to heliocentric radial velocities determined with the slitless method simply as "velocities". We consider first the information provided by the calibration exposures of NGC 7293. This local PN has such a large angular size that it allows us to obtain calibration measurements all across the CCD in a few exposures (see Paper I). Figure  10 shows the velocities in NGC 7293 measured at 114 positions across the CCD, using a similar distribution as used in Paper I. The behavior of these velocities is very similar to what is shown in Figure 16 of Paper I. We therefore adopted the same empirical correction described in Paper I, which was designed to give the expected NGC 7293 radial velocity (−20 km s −1 ) irrespective of the position on the CCD. The result of applying the correction is shown in Figure 11 . Our calibration gives velocities with errors below 20 km s −1 .
For NGC 1344, if we add quadratically the calibration errors and the errors from image registration ( §3), we get errors of about 30 km s −1 . There is still another source of errors: spectrograph deformations and guiding problems during long exposures. The only way of testing the impact of these kind of errors is to compare velocities obtained from different pairs of (undispersed, dispersed) long exposures. For this purpose, the redundancy between the N and S fields becomes useful. In Figure 12 we compare the velocities of 128 PNs measured in both fields. The standard deviation is 34 km s −1 . Therefore spectrograph deformations and guiding errors have at most a marginal contribution to the total uncertainty in the velocities, which we conservatively estimate to be 40 km s −1 . For the velocities of the 128 PNs measured twice, we adopted the average of N and S measurements.
We could measure the velocities of 195 of the 197 PN candidates in NGC 1344. Their velocities are in the range from 900 to 1500 km s −1 . In addition to the 197 PN candidates, we also found one object with a velocity of 770 km s −1 , which is too small. We have rejected it as a PN; it is most probably a background emission-line galaxy with a redshifted emission line shining through the on-band filter. We cannot exclude the existence of a few other background emission-line sources with the "right" velocity contaminating our PN sample, but the surface density of these background sources is too small to have any effect on our conclusions regarding the PN kinematics. 
Rotation and line-of-sight velocity dispersion
We investigated rotation by dividing the 195 PNs into six subsamples along the x-axis and calculating the average velocity for each subsample. Because the signature of rotation can be diluted if the subsamples extend too much in the y direction, we restricted our selection to a small range of y values, that is, to within 20 ′′ from the major axis. Figure 16 compares the resulting run of average PN velocity along the major axis with the information derived earlier from the long-slit spectra (Figures 3 and 1) . The integrated absorptionline spectra indicate some rotation along the major axis (south receding), and indeed the rotation on the major axis appears to be a bit faster than away from the major axis. But the restriction to PNs close to the major axis produces numbers too small in each subsample, and therefore, large error bars. The PNs appear to be indicating the same sense of rotation as the integrated spectra, but with marginally lower amplitude. However, the error bars are too large to say much about rotation along the major axis beyond two effective radii from the PN velocities. In Figure 2 we also see some rotation along the minor axis (east approaching). The PNs cannot confirm this weak rotational signal (see Figure 15) ; the line-of-sight velocity dispersion is too large near the center.
To study the run of the line-of-sight velocity dispersion as a function of angular distance from the center, we divided the 195 PNs into five subsamples: one at the center of the galaxy and the other four in two pairs, north and south, progressively more distant from the center, to minimize the effect of rotation on the dispersions. The numbers of PNs within each zone are listed in the caption to Figure 17 , where we show the resulting line-of-sight velocity dispersions, which have been corrected to compensate for the effect of measurement errors of 40 km s −1 . We also show the velocity dispersions derived earlier from the long-slit spectra (Figures 1-3 , and Tables 1-3). We have plotted both the major and minor axis absorptionline dispersion data in Figure 17 , because their average is closer to the averaging in circular shells done for the PNs. We find marginal agreement, within error bars, between PN and absorption-line data within 50
′′ of the galaxy's center. Outside, the last few dispersions from absorption-line data are very high, but considering the spread in dispersions from absorption-line data at different positions, we again find marginal agreement with the PN data.
We first tried to fit the run of line-of-sight velocity dispersion with distance from the center of NGC 1344 using an analytical model proposed by Hernquist (1990) . This model is spherical, nonrotating, and isotropic, and it assumes a constant mass-to-light ratio. It worked very well in the case of NGC 4697 (Paper I). Figure 17 shows that this model fails for NGC 1344. The fit at the center was obtained by adopting a total mass of 1.5 x 10 11 M ⊙ and an effective radius R e = 46 ′′ , which is equivalent to 4.2 kpc for the distance modulus m−M = 31.38. The observed dispersion lies consistently above the Hernquist model beyond 3 R e , giving evidence of a dark matter halo around NGC 1344. To model this dark matter halo, we adopted a two-component Hernquist mass distribution (Hui et al. 1995, Eq. 8) :
where M l and M d are the visible and dark matter total masses, and a and d are the corresponding scale lengths. Given the corresponding density and potential, we computed the projected velocity dispersion as a function of distance from the center using a code that numerically integrates the Jeans equation and expands the resulting three-dimensional and projected dispersions in Chebyshev polynomials. The two-component Hernquist model successfully fits the observed line-of-sight velocity dispersion, as shown in Figure 17 , if we adopt the following parameters:
11 M ⊙ , and d = (17 ± 5) a (note that in the Hernquist model, R e = 1.8153 a). We do not attribute a lot of significance to the numerical values of these parameters; we are content with the implication that there seems to be a dark matter halo in the outskirts of NGC 1344, in interesting contrast to the evidence in other galaxies like NGC 4697.
There is a caveat in that we are using a spherically symmetric model to study a galaxy that is obviously flattened. So let us briefly discuss what is the effect of using a spherical Hernquist model for this flattened galaxy. NGC 1344 is E5, probably quite edge-on, probably triaxial from the minor axis rotation in Figure 2 . The major and minor axes of the triaxial distribution are likely to be nearly in the plane of the sky. In this case, edge-on oblate models fitting the projected major axis line-of-sight motions will slightly underestimate the kinetic energy in the equatorial plane, thus giving a useful lower limit to the enclosed mass. Figure  8 of Dehnen & Gerhard (1994) shows that spherical and flattened isotropic oblate models of the same cuspy mass distribution have very similar shapes in their velocity dispersion profiles on the major and minor axes. For these isotropic rotators, most of the extra gravity in the flattened distribution of the same mass goes into rotation. In addition, the gravitational potential of a flattened Hernquist profile at 3R e is only mildly non-spherical. This suggests that fitting a spherical model to the velocity dispersion profile shape is a reasonable approximation, and that the discrepancy of the PN velocities at 3R e from this profile is significant.
We also need to discuss the possibility of some degree of tangential anisotropy in the stellar orbital distribution; an excess of tangential motions could work in the same sense as a dark matter halo to produce an excess of line-of-sight velocity dispersion in the galaxy outskirts. However, in Figure 18 , a graph of the number of PNs as a function of velocity does not show the flat-topped distribution we could expect from a substantial excess of tangential orbits at large angular distances from the center (see, e.g., Figure 10 in Dehnen & Gerhard 1993 ). This suggests that anisotropy effects, if present, do not affect our qualitative conclusion about dark matter around this galaxy.
Using our estimate of the visible mass, we can estimate the M/L ratio in blue light. Knowing the extinction-corrected B T =11.14, the distance modulus 31.4, and the solar B absolute magnitude 5.48, we obtain for NGC 1344 a blue luminosity of 2×10 10 solar luminosities, which gives (M/L) B =7.
As we collect more information, some degree of variety in the amount and/or distribution of dark matter appears to be emerging. Gerhard et al. (2001) have reported a spread in the luminous-to-dark matter ratio in giant ellipticals, showing that some galaxies have no indication of dark matter within 2 R e , while others do have. We seem to be finding a similar situation in less luminous ellipticals like NGC 4697 and NGC 1344. Better modeling of the data set that takes into account the flattening of the galaxy and the stellar orbital distribution will be needed to more properly assess this conclusion. In a future paper, we expect to apply triaxial models, currently in preparation, to this problem.
We will need data for many other elliptical galaxies before a clearer picture can be formed. Fortunately, the PN families in the outskirts of elliptical galaxies look very promising as a source of important and unique kinematic information.
Summary of conclusions
We have detected 197 PNs in NGC 1344, and have measured their brightnesses and radial velocities. We also measured stellar kinematics from long-slit integrated spectra along the major and minor axes, and parallel to the major axis of NGC 1344.
The [O iii] λ5007 PNLF permits us to estimate a distance modulus m − M = 31.4 ± 0.2, in good agreement with, but slightly smaller than the surface brightness fluctuation distance of Tonry et al. (2001) . We also obtain a rather typical PN formation rate of 6 × 10
PNs yr
⊙ . The slitless PN radial velocities do not permit us to set any strong constraint on the rotation of NGC 1344, but the behavior of the line-of-sight velocity dispersion as a function of distance from the center of the galaxy gives evidence of the existence of a dark matter halo around this galaxy.
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